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A LOW-PRESSURE GAS
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Exper inenta l  resul ts  are presented on the Passage of  s t rong-
current  e lect ron bean through a low-pressure gas.  I t  is  shown that
gas focusing i ,s  observed at  a pressure 0.4 -  I  Torr .  Character is-
t ic  s ingular i t ies of  the beam structure are observed at  0 '1 -  1 Torr .
The experinents were performed at electron energies 300 and 700 keV.

We used the st rong-current  " Impulrs i l  accelerator  to  per form exper inents on the passage of

e lect ron beams through gases of  d i f ferent  densi t ies under two operat ing condi t ions,  wi th E1 =

S00  keV  and  Ez  =  700  keV .  The  expe r imen ta l  se tup  i s  shown  on  F ig .  1 .  The  " Impu l t s t ' acce le ra -

tor  consists  of  an Arkadtev-Marx generator ,  a  double shaping l ine,  a t ransforming l ine,  and a

cold-cathode e lect ron gun.  The maximum electron energy is  700 keV,  the current  is  30 kA,  and

the  pu l se  du ra t i on  i s  50 r ,10 -s  sec .  The  cons t ruc t i on  o f  t he  acce le ra to r  was  desc r i bed  i n  [ 1 ,  2 ] .

The dr i f t  chamber,  which fo l lows the e lect ron-gun b lock,  is  a g lass tube approxi -mately  2 n long.

I ts  in ternal  sur face is  covered wi th a sta in less-steel  gr id .  The e lect rons were extracted f ron

the e lect ron gun into the chanber through a t i tan ium
foi l  50 p th ick.  Dur ing the course of  the exper iment ,
we regis tered the magni tude and durat ion of  the cur-
rent  pulse,  the d iode gap vol tage,  and a lso the opt i -
ca1 and x-radiat ion and the tota l  luminosi ty  of  the
gas in the chamber.

Figure 2 shows photographs of  the gas fo l lowing
passage of  a beam through the chamber,  under the two
operat ing condi t ions of  the apparatus and under d i f -
ferent  condi t ions of  beam transport .  The g low region

Fig.  1.  Schemat ic  d iagram of  exper inent :  1  -

Arkadtev-Marx pulsed-vol tage generator ,  2  - -  charg-
ing insulator ,  5  -  double shaping l ine and d is-
charge gap for j-ts switching, 4 - transforming
l ine,  5 -  d ie lect r ic  (g lycer in,  e = 44) ,  6 -  insu-
lator  of  e lect ron gun,  7 -  cathode of  e lect ron gun,
8 - shunt for current measurement, 9 - t itanium
foi l  (60 U),  10 -  g lass dr i f t  chamber,  11 . -  con-
ducting l iner, 12 - photographic canera, 13 - mov-
able Faraday cy l inder ,  14 -  radiat ion receivers for
the v is ib le and x-ray bands,  15 -  accelerator  con-
t ro l  b l ock .

Fig .  2 .  G low o f  gas  (a i r )  fo l low-

ing passage of the beam electrons
through the dri f t  chamber:
a )  E l - =  3 0 0  k e V ,  P  =  1 0 - 2  T o r r ;

b )  E r  =  3 0 0  k e V ,  P  =  1 0 - r , T o r r l
.1 Ei = 300 keV, P = 7x10-* Torr;
d) E2 = 700 keV, p = 7x10 '  Torr.
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of the gas is  detern ined by i ts  pressure and conposi t ion,  and a lso by the
beam energy. It is seen from Fig. Za that at a bean energy Er = 300 keV
and a pressure 10-2 Torr  the beam can hardly  pass through,  owing to the
coulomb repuls ion,  and the gas g lows only at  the entrance to the chamber.
wi- th increasing pressure,  the shape and the d imensions of  the g low region
are s igni f icant ly  a l tered.  In  the pressure range 0.1 -  0.4 Toi r ,  a  u i : .g i r t
f i lament  is  observed a long the ent i re chamber,  wi th a d iameter  tu 3.5 cm.

A character is t ic  new feature of  the st ructure of  the bearn in  th is
region,  not  observed in the other  exper iments t3 -  s ] ,  is  the presence of
br ight  sp ikes or  s t r ips making an acute angle wi th the pr inc ip l l  f i lament
(F ig .  2b ) .  A t  E r  =  300  keV ,  Imax  =  11 .7  kA  and  p  =  0 .1  To r r  l gas ,  a i r ) ,
the inc l inat ion angle of  the st r ips is  15 -  20o.  The average d i ,s tance be-
tween them is 6 cm. The strips were observed up to 50 cm from the foil and
from the entrance of the beam i.nto the chanber. A possible explanation for
the currents and laws governing the locat ions of  these st r ips is  based on
al lowance for  the in teract ion of  the beam wi th i ts  se l f - f i " ia  i ) .

o f
At  a pressure 0.4 -  1 Torr ,  we observed c lear ly  pronounced ef fects of

gas focusing (F ig.  2c) ,  some of  which were noted in  [3 
-  6] .  The beam in

the chamber was focused to a diameter tu I cm at a beam glow diameter tu 4 cm
at the entrance. The effects of focusing of the beam were confirmed also

produced by the beam on lead p lates p laced in the path of  the beam (Figs.  sA,  B) .
over which the beam becones focused under our experimental conditions can be
the formula
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I  =  ( 2 r  y n p 2 c ) 1 r / 2 1 . ( F 2  *  t  -  t l l  - 1 / z  
i - r / 2  ,

which g ives a value of  26 cm. Here Nu and Ni  are the l inear  densi t ies of  the beam electrons
and of  the ions,  f  = Ni /Ne,  and j  is  the cur ient  densi ty .  The exper imenta l ly  obta ined value is
30 cm. At  pressures near I  Torr  one observes the onset  of  beam instabi l i ty ,  such as bending,  a
tendency to twist ing,  etc .

At  a beam electron energy Ez = 700 keV (second operat ing regime of  the accelerator) ,  in
d i f ferent  gases (He,  Ar ,  Xe,  a i r ) ,  the beam behavior  descr ibed above is  a lso observed on 'passing
through the low-pressure gas,  but  the character is t ic  sp ikes or  s t r ips do not  appear.  The onset
of  instabi l i ty  leads addi t ional ly  to  a t fansverse d isplacement  of  the Ueam i f ig .  Zd) .

In conclus ion,  the authors thank N.  S.  Belova,  L.  N.  Kazanski i ,  and yu.  N.  Chekhonadski i
for help with the experiment.

1)  The corresponding theory proposed by K.  V.  Khodataev is  descr ibed in [6] .
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